it was concluded that vitamin B1 is essential for oxidative attack on the acetic acid molecule. Vitamin B1 greatly stimulates the oxidation of a variety of substances attacked by propionic acid bacteria, e.g. glucose, glycerol, lactate, succinate, fumarate, but in these cases it was demonstrated that pyruvic acid is formed as an intermediate in their oxidation. The vitamins B1 effect here, therefore, could be interpreted as due to its 'catalytic action on pyruvate oxidation.
Suggestions [e.g. Weil-Malherbe, 1940; Lipton & Elvehjem, 1940] have been made as to the mechanism of action of the vitamin, but further experimental evidence is required before the mechanism will be clearly understood. Vitamin B,-deficient propionic acid bacteria offer very useful material for securing fresh evidence on the factors influencing the action of the vitamin. This paper is concerned with a description of the effects of a variety of substances, especially of the ions of Mg, K and hexosediphosphate on vitamin B1 activity. The mechanism of action of the vitamin will be considered in the light of these results. Technique The technique employed in preparing vitamin B,-deficient propionic acid bacteria and in investigating the oxidative metabolism of these bacteria in presence of a variety of substrates is fully described in our previous paper [Quastel & Webley, 1941] . When a departutre is made from this technique, complete experimental details will be given in the text. The strain of propionic acid-bacteria was obtained from the National Collection of Type Cultures, ref. no. 4759. Action of Mg++ and of K+, at -varying pH, on the 02 uptake of propionic acid bacteria in presence of acetate and vitamin B1 A characteristic feature of the velocity of 02 uptake by propionic acid bacteria respiring in a phosphate buffer solution containing acetate and vitamin B1, is that the velocity increases with time (see Fig. 1 ). This is not due to multiplication of the organism during the course of the experiment, as has been shown by bacterial counts [Quastel & Webley, 1941] . The explanation probably is that the pH rises during the course of the oxidation * Now at the Rothamsted Experimental Station, Harpenden, Herts.
VITAMIN B1 AND BACTERIAL OXIDATIONS. II Typical results, given in Table 1 , show that the 02 uptake by the bacteria in presence of acetate and a phosphate buffer is much greater at pH 9-0 than at pH 7-4, whilst that at pH 7-4 may be over double that at pH 6-6. The addition of Mg++, as MgCl2, to the suspension of propionic acid bacteria results in a marked increase in the rate of 02 uptake in the presence of acetate and vitamin B1, the percentage increase being greater the lower 900 the pH.
The addition of K+, as KCl, also increases / the respiration of the bacteria in an acetate--4 600 -phosphate mixture, the effect being less than P that due to the addition of Mg++. The Na+ concentration of the phosphate-acetate-saline mixture in which the bacteria respire is approximately 0-16 M, and an increase of this concentration has no effect on the bacterial respiration, comparable with that produced by the addition of K+. Effects, on the respiration of vitamin Bl-deficient propionic acid bacteria, of a mixture of Mg++ and K+, in the presence and absence. of vitamin B1, and in presence of various substrates (1) Sodium formate, acetate, propionate and butyrate. As shown in our earlier paper, vitamin B1, which exerts little or no effect on the oxidation of formate or butyrate by propionic acid bacteria, has a definite effect with propionate and has a very marked accelerating action with acetate.
In the absence of vitamin B1 the addition of a mixture of K+ and Mg++ affects only slightly or not at all the respiration of propionic acid bacteria in presence of the fatty acids. In the presence of vitamin B1, the addition of the mixture of ions brings about a very large increase in the 02 uptake when acetate is the substrate, a much smaller one Table 2 02 uptakes by vitamin Bl-deficient propionic acid bacteria in presence of Na salts of fatty acids (0401 M), in the presence and absence of vitamin B1 and of a mixture of Mg++ (8, g./ml.) and K+ (31,ug./ml.) .
Each manometer vessel contained 1.0 ml. saline suspension of freshly washed and freshly grown vitamin B1-deficient B. acidi propioni, 0-5 ml. M/5 Na phosphate buffer pH 7*4, the substrate and ntamin B1 solutions and sufficient 0-16 M saline to bring the volume to 3 ml. Air, 37°. Experimental run = 1 hr. Table 2 . It is clear from these results as well as from those in Table 1 that: (a) The addition of Mg++ and K+ in the absence of vitamin B1 has no influence on the bacterial oxidation of the lower fatty acids.
(b) The addition of Mg++ and K+ exerts a large accelerating effect on the bacterial oxidation of acetate, and a much smaller one on that of propionate, when vitamin B1 is present.
(c) The accelerating action of on the oxidation of acetate by the bacterial suspension in presence of vitamin B1 is optimal only in the presence of K+.
The effect of Mg++ in increasing the 02 uptake by propionic acid bacteria in presence of acetate, vitamin B1 and K+ is perceptible at as low a concentration as l,ug. Mg++/ml. This is shown in Table 3 , where it will also be noted that an increase of concentration of
Mg++ from 6 to 60,g./ml. makes no appreciable difference to the Qo2. Table 3 Conditions as in [Quastel & Webley, 1941] .
(b) The addition of Mg++ and K+ secures at pH 7*4 a marked increase in the Qo2 without the addition of vitamin B1. Thus in the experimental result cited in Table 4 a Qo2 of 35-6 is increased to 52-2. An increase of such magnitude does not occur with pyruvate.
This effect of a mixture of Mg++ and K+ in enhancing the oxidation of lactate by vitamin Bl-deficient bacteria is probably to be explained by the action of these ions in accelerating the removal of pyruvate formed as an intermediary, which, it is now well known, inhibits the oxidation of lactate.
Utilization of pyruvate by vitamin B1-deficient bacteria Pyruvate is utilized, or broken down, by propionic acid bacteria at a rate much exceeding that which would be expected from the bacterial respiration on the assumption that the 02 uptake is concerned only with the complete oxidation of the pyruvate present. Taking, for example, the typical results cited in Table 5 , a Qo, of 19-3, obtained in the absence of by the method described in our earlier paper. In the presence of vitamin B1 the 2 is increased to 28-2 and the utilization of pyruvate is increased to 18-5. It is evident, therefore, that complete oxidation of the pyruvate does not occur. The addition of a mixture of Mg++ and K+ greatly increases the rate of disappearance of pyruvate by propionic acid bacteria, even in absence of vitamin B1, without any comparable increase in the Qo2. Thus, whereas the Q02 is increased from 19-3 to 23-4 by the addition of these ions, the utilization of pyruvate is increased from -10O2 to -35-2. Such an increased disappearance of pyruvate, effected by the presence of Mg++ and K+, cannot be brought about only by oxidation of the molecule. Whether a dismutation of the pyruvate takes place, which is greatly catalysed by the presence of Mg++ and K+ and which is independent of the action of vitamin Bl, has still to be elucidated. This phenomenon, as has been mentioned already, probably accounts for the accelerating effect of a mixture of Mg++ and K+ on the oxidation of lactate by vitamin B1-deficient bacteria.
As stated in our earlier paper the oxidation of oc-ketobutyrate is not greatly affected by the presence of vitamin B1. Nor is it appreciably accelerated by the addition of a mixture 11 of Mg++ and K+. When, however, a [Quastel & Webley, 1941] vitamin B1, since as has been seen earlier (see Table 2 ) these ions have little or no effect on acetic acid oxidation in absence of the vitamin. The conclusion would be that Mg++ and K+ catalyse the conversion of ethyl alcohol into acetic acid by resting propionic acid bacteria. Propyl alcohol oxidation by these -bacteria is accelerated very greatly (much more so than in the case of ethyl alcohol) by Mg++ and K+. This is seen in Table 9 , where it will be observed that a Qo, Of 23-6 is raised to 61-7 by the addition of the ions. The addition of vitamin B1 has only a relatively small effect on the 02 uptake obtained when propyl alcohol is oxidized with or without Mg++ and K+.
The catalytic effect of Mg++ and K+ on the oxidation of ethyl and propyl alcohols may be confined to the activation of the alcohols themselves by their respective dehydrogenases, or to the accelerated formation of a coenzyme, or to the oxidation of intermediates, e.g. the aldehydes. Further experiment is required to settle these points.
(5) Glycerol, glucose and fructose. The addition of vitamin B1 increases the 02 uptake of vitamin B1-deficient propionic acid bacteria in presence of glycerol, glucose and fructose. This may be expected from the fact that these substances give rise to pyruvic acid as an intermediate [Quastel & Webley, 1941] . The addition of a mixture of Mg++ and K+ has no accelerating effect upon the oxidation of glycerol and fructose, but there is a small and definite increase of the 02 uptake, both in the absence and the presence of vitamin B1 in the case of glucose (Table 10) . Table 11 Conditions as in Table 2 It has already been suggested that the effects of Mg++.-and K+ on succinate and fumarate oxidations may be due to the catalysed removal of oxaloacetate formed as an intermediary, and similarly the effect of the ions on lactate oxidation may be due to the catalysed removal of pyruvate. Such an explanation cannot be given, on present evidence, to the effects of the ions on propyl alcohol and ethyl alcohol oxidations. Here, presumably, a dehydrogenase system involved in these oxidations iscatalysed by the ions in question.
The effects of the ions on acetate oxidation in presence of vitamin B1 obviously involves an explanation different from those given above, since the vitamin is definitely implicated. Evidence has already been given by Quastel & Webley [1941] The effect of K+ in markedly enhancing oxidations by resting propionic acid bacteria in presence of Mg++ may be attributed to the action of K+ on the permeability of the cell. It is suggested that in presence of K+ permeability of the cell to Mg++ is increased so that there ensues a more effective oxidation of the substrate, whose combustion necessitates the presence of Mg++. This interpretation is supported by evidence to be given shortly.
*The results on the oxidations by resting propionic acid bacteria which have been given so far are summarized in Table 12 . (Tables 13, 14) . The behaviour of hexosediphosphate ions in these oxidations is precisely the same as that of Mg++. This makes it likely that both hexosediphosphate and Mg++ are ultimately concerned with the same metabolic process in propionic acid bacteria. This view is supported by the fact that the addition of Mg ions to a system already containing hexosediphosphate leads to no further increase in the rate of 02 uptake (Table 16) . Table 16 02 uptakes by vitamin B.-deficient propionic acid bacteria in presence of 2ug. vitamin B1. Conditions as in (Tables 15-17) . It seems most likely that the K behaves similarly in both cases, i.e. it increases the permeability of the cells of propionic acid bacteria to both Mg and hexosediphosphate ions. This conclusion is supported by the fact that the presence of K+ has an increasingly greater percentage effect on the 02 uptake the smaller the concentration of hexosediphosphate-ions (Table 17) . Table 17 02 uptakes by vitamin Bl-deficient propionic acid bacteria in the presence of succinate and with varying quantities of hexosediphosphate. pH 7-4. Conditions as in The effect of varying the concentration of hexosediphosphate ions on the 02 uptake by propionic acid bacteria in presence of acetate, vitamin B1 and K+ is shown in Table 18 . It will-be observed that the effect of hexosediphosphate under these conditions is not apparent at a concentration of 17 x O-4 M but becomes marked at 10-3 M. (Table 19) . In the experiments now to be described a new technique is adopted. This consists of incubating freshly grown and washed propionic acid bacteria in-solutiofs of known composition in air at 370, the suspensions being shaken in vessels of the Warburg apparatus.
After a period of ugsually 1 hr. the contents of the vessels are centrifuged at high speed, and the deposit of centrifuged bacteria is suspended in saline and centrifuged again. This deposit of saline-washed bacteria is now suspended in 2 ml. saline which is transferred to a fresh Warburg manometer vessel. To this is added 0-5 ml. 0-2 M sodium phosphate buffer, usually pH 7 4, and solutions of various substrates to make up a total volume of 3 ml. 02 uptakes at 370 are obtained in the usual way, the 'experimental run being 1 hr. Mg++ (8, ug./ml.) has resulted in the production of an organism 18 VITAMIN B1 AND BACTERIAL OXIDATIONS. II which oxidizes acetate (in the presence of vitamin B1) at 2j times the rate at which acetate is oxidized by an organism not exposed to Mg++. Exposure to a mixture of Mg++ and K+ results in a still more actively oxidizing organism. Exposure only to K+ leads to little or no effect on the oxidizing ability of the organism so far as acetate is concerned.
It may be considered that in spite of the washing of the exposed organism sufficient Mg is carried over to the new vessel, with the deposit of centrifuged organism, to effect the accelerations which have already been described. Calculation shows, however, that after incubation of the bacteria in 3 ml. of a solution of Mg++ at a concentration of 8,ug./ml. (the concentration which has been usually used to demonstrate the effect of Mg), the largest quantity of Mg++ which could be mechanically carried over, after centrifuging and washing, to the 3 ml. of solution in the fresh Warburg vessel would be 01,ug. This would yield a Mg++ concentration of 0-03,ug./ml. in the solution containing the acetate and vitamin B1. Such a concentration would be quite unable to effect the large increase in 02 uptake noted in Table 20 (see also Table 3 , where it will be seen that Mg++ at a concentration of 12,ug./ml. whilst showing a definite increase in Qo2 by no means exerts its maximal effect).
Since it is clear that the large increase in Qo2, noted in Table 20 , which is effected by bacteria exposed to Mg++ cannot be due to Mg++ mechanically carried over with the centrifuged and washed organism, it follows that the increased activity of the organism must be due either (a) to Mg++, which has been absorbed by the bacterial cell or enzymic structures within the cell, and which is not easily washed away or (b) to metabolic changes which have taken place in the bacterial cell during the hour's exposure of the cell to the Mg++.
It seems likely that both these explanations are possible and they will be considered again when further evidence has been described.
The effects of exposing vitamin B1-deficient propionic acid bacteria to varying concentrations of Mg++ and K+ on the subsequent oxidation of acetate in presence of vitamin B1 are shown in Table 21 . It will be seen that, as in the experiments reported earlier, Table 23 . Here it will be seen that the bacteria which had been exposed to hexosediphosphate (0*01 M), centrifuged and washed three times with 3 ml. saline, gave as high given by the organism similarly exposed but only washed twice with 3 ml. saline.
Calculation shows that the concentration of hexosediphosphate, carried over mechanically, in the final medium after the third washing cannot be greater than 3 x 10-6 M, and it will be seen from J. H. QUASTEL AND D. M. WEBLEY They clearly indicate that the cell after incubation in the presence of Mg++, or hexosediphosphate, and vitamin B1 becomes saturated -with a system bringing about optimal oxidation of acetate, and that this system can be formed in the absence of acetate.
Effect of incubation of vitamin Bl-deficient propionic acid bacteria with Mg++ and K+ on the subsequent oxidation of pyruvate It has been shown earlier (see Table 4 ) that addition of Mg++ and K+ to a pyruvate medium has little influence on the 02 uptake by the bacterial suspension whether vitamin B1 be present or not. If, however, the bacteria be incubated with Mg++ and K+ for 1 hr. under the conditions already specified, the organism, after centrifuging and washing, oxidizes pyruvate at a much higher rate than if it had not been exposed to Mg++ and K+. This result is seen in Table 25 . It shows that the effect of incubating the bacteria with Mg++ results in the formation of a system (or systems) bringing about the rapid oxidation of both acetate and pyruvate. Incubation with acetate or pyruvate, in the absence of Mg++ and K+, leads only to slightly increased subsequent rates of oxidation of these substrates (Tables 24, 25) . In the technique which has been described, the organism is incubated in a medium containing phosphate buffer (pH 7.4) as well as the substances under investigation. Absence of the phosphate, however, makes no appreciable quantitative difference to the phenomena which have been recorded. Typical results indicating this fact are shown in- Table 26 . Table 26 Substances present in the medium in which the preliminary incubation was carried out. Tables 30 and 31 . Possibly fructose acts by being converted in the bacterial cell into hexosediphosphate. Glucose (Table 30) incubation has an accelerating effect, but it is smaller than that brought about by fructose incubation. Galactose and mannitol incubations bring about no change in the organisms' oxidizing power on acetate in the presence of vitamin B1. Similarly, preliminary incubation with Na oc-glycerophosphate or with Na acetate in the absence of vitamin B1 is without effect.. On the other hand, glycerol incubation leads to a definite increase of the organisms' oxidizing power (Table 30) . Adenine (1 mg./ml.) and K+ (31jug./ml.) been secured without such incubation. -Fumarate ions may therefore catalyse acetate oxidation indirectly. This type of catalysis will be considered later. Incubation of the propionic acid bacteria with the following substrates gives rise to no subsequent increase in the rate of oxidation of acetate (in the presence of vitamin B1): Na phosphoglycerate, sorbitol, ascorbic acid, glutathione, glycine, histidine, arginine, creatine, urea.
'Adaptable' enzymes. It is worth noting at this point that the above observations might be 'explained' by assuming that during the preliminary incubation period there is an increased formation in the cell of the enzymes oxidizing acetate, succinate, propyl alcohol etc., i.e. that these are enzymes which can be built, for example, out of hexosediphosphate or its breakdown products. Such enzymes might then be regarded as adaptable in the sense they have become increased in quantity as a response to exposure to the substrates in the media in which the bacteria were incubated. This hypothesis, however, can scarcely be held in view of the fact that incubation in the presence of Mg++ leads to precisely the same increases in oxidative activities as incubation, in the presence of hexosediphosphate.
Interpretations The oxidations of pyruvate and acetate will first be considered. It is now well recognized that cocarboxylase, and not vitamin B1, is essential for the biological oxidation of pyruvate, and evidence already subm'itted [Quastel & Webley, 1941] supports the view that cocarboxylase, rather than vitamin Bl, is essential for the oxidation of acetate.
Results secured by Weil-Malherbe [1939] show that with a yeast extract the synthesis of cocarboxylase from vitamin B1 proceeds only through the mediation of adenyltriphosphate, and that in the latter's absence no synthesis of cocarboxylase takes place. Lipton & Elvehjem [1940] have arrived at the conclusion that adenyltriphosphate and vitamin B1 will react in the presence of an alkaline-washed yeast to form adenylic acid and cocarboxylase, a transfer of phosphoric acid groups taking place, Lipschitz et al. [1938, 1, 2] had previously demonstrated that a synthesis of cocarboxylase from vitamin B1 will occur in the presence of washed dried yeast, hexosediphosphate and boiled tissue extract, and suggested that the vitamin was phosphorylated by adenyltriphosphate or phosphorylated cozymase.
An explanation of results given in this paper comes from the conclusion that incubation of propionic acid bacteria with hexosediphosphate enriches the cells with adenyltriphosphate. Such cells, saturated with adenyltriphosphate, phosphorylate, at an optimal rate, vitamin B1 subsequently added to the cells. With optimal quantities of cocarboxylase, the oxidations of pyruvate and acetate are able to proceed at optimal rates.
J. H. QUASTEL AND D. M. WEBLEY
The mechanism whereby hexosediphosphate enriches the cell with adenyltriphosphate is not altogether clear. It may be brought about by (a) direct phosphorylation of adenylic acid [Ohlmeyer, 1935] or (b) phosphorylation of.adenylic acid coupled with an oxidative reaction secured by hexosediphosphate [Needham & Pillai, 1937] .
Thus the following reactions with vitamin BL-deficient propionic acid bacteria, it is suggested, take place.
(1) During the preliminary incubation period: Hexosediphosphate + adenylic acid adenyltriphosphate (either by direct phosphorylation or by a coupled oxidative reaction).
(2) During the subsequent period in which the bacteria are incubated with acetate (or pyruvate) in the presence of vitamin B1:
(1) Adenyltriphosphate + vitamin B1 = adenylic acid + cocarboxylase.
(2) Acetic acid cocarboxylase Products of Pyruvic acidJ 02
oxidation. Now incubation of the bacteria with Mg++ results in an effect on the subsequent oxidation of acetate and pyruvate, which is quantitatively the same as that due to incubation with hexosediphosphate, and the addition of Mg to the hexosediphosphate does not appreciably increase the effect of the latter. Since Mg is to be considered a definite constituent of the pyruvic oxidase system and presumably also of the acetic oxidase system it may be argued that the incubation of the bacteria with Mg++ brings about a saturation of the oxidase systems in question so that they are now capable of working at their optimal rates. Whilst no doubt it is true that these systems will take up more Mg if they are not saturated, it must be conceded that the propionic acid bacterial cells must already be saturated with Mg so far as their acetic and pyruvic oxidase systems are concerned since incubation with hexosediphosphate in the absence of added Mg++ brings about optimal rates of oxidation. Hence the accelerating effects of added Mg++ must be concerned with mechanisms taking place before the action of the pyruvic or acetic oxidase system. Such mechanisms according to the hypothesis just advanced are phosphorylating, i.e. the phosphorylations of adenylic acid and of vitamin B1. Since it is known that phosphorylase systems are aetivated by Mg++, it is reasonable to assume that the effects of incubation with Mg++ are concerned with a catalysis of the for-mation in the cell of adenyltriphosphate or of cocarboxylase or of both.
Propionic acid bacteria when taken freshly from the vitamin Bl-deficient medium in which they have been grown must contain traces of vitamin B1, Mg++ and of phosphoric esters, for they are still capable of bringing about the oxidation of a variety of substrates (in the absence of added vitamin B1 or Mg++) although at small rates. Now even if the Mg++ concentration in the cell is low, the velocity of phosphorylation in the cell will be increased by increase of the concentration of the phosphate donator (e.g. hexosediphosphate or adenyltriphosphate) until some saturation limit is attained. Similarly, if the concentration of phosphoric esters is low, the velocity of phosphorylation will be increased by increasing the concentration of Mg++ to a saturation limit. It may be accepted therefore that, given a sufficiently long preliminary incubation period, admixture of the organism with hexosediphosphate or Mg++ will lead to an enrichment of the cell with adenyltriphosphate, whose final concentration will be largely determined by the amount of adenylic acid initially present. Once a limiting, concentration of adenyltriphosphate has been attained, admixture of the cell with hexosediphosphate or Mg++ will have no further effect on the bacterial oxidations, since as has already been stated, the cell still contains sufficient Mg to complete the acetate and pyruvate oxidase systems.
Summarizing this interpretation of the action of hexosediphosphate and of Mg++ on the bacterial oxidation of acetate and pyruvate, it is suggested:
(1) Incubation of the vitamin Bl-deficient propionic acid bacteria with hexosediphosphate or with Mg++ leads to an enrichment of the cell with adenyltriphosphate. 26 VITAMIN B1 AND BACTERIAL OXIDATIONS. II (2) Adenyltriphosphate brings about the phosphorylation of vitamin B1 to cocarboxylase.
(3) The rate of oxidation of acetate and pyruvate is determined by the amount of cocarboxylase present. There is sufficient Mg still present in the bacteria (i.e. without having incubated the organism with Mg++) to bring about the accomplishment of processes (2) and (3).
This interpretation accounts for many of the observations concerned with acetate and pyruvate oxidation described in this paper. It does not account for the fact, however, that the addition of Mg++ and K+ to pyruvate in the presence of vitamin B1 does not appreciably increase the rate of oxidation by the bacteria (Tables 4, 5 ), whilst preliminary incubation with Mg++ and K+ secures a marked increase in the 02 uptake (Tables 25, 26 ). The explanation for-this anomaly, it is suggested, may lie in an inhibitory effect of pyruvate on the synthesis of adenyltriphosphate, possibly by pyruvic acid competing with adenylic acid as a phosphate acceptor.
Incubation of the bacteria with pyruvate leads to a definite, though small, acceleration of the subsequent 02 uptake by the vitamin Bl-deficient organism in presence of pyruvate (Table 25 ) or of acetate (Table 30 ). The acceleration which is effected would point to an enrichment of the cell with adenyltriphosphate, a process presumably brought about by the phosphorylation being coupled with pyruvate oxidation. Evidence for such a process has been secured by Lipmann [1939] and Ochoa [1940] . It is, however, sure that the acceleration brought about by pyruvate incubation is not nearly so great as that brought about by hexosediphosphate incubation, and this points to the fact that the phosphorylation obtained by the coupling with pyruvate oxidation is much less effective than that effected by incubation with hexosediphosphate. The marked activating action due to incubation of the bacteria in fructose media (Tables 30, 31 ) may be due to the transformation of fructose into hexosediphosphate as has already been suggested, but it may be also due to a phosphorylation of adenylic acid coupled with oxidation of fructose. The same explanation may apply to the effects observed on the incubation of the organism under aerobic conditions with glucose, glycerol and fumarate (Tables 30, 31 ). The results would be in harmony with those described by Kalckar [1939, 1, 2] , Lipmann [1939] , and Colowick et al. [1940] .
So far consideration has only been given to the effects of incubation of the propionic acid bacteria with hexosediphosphate, and with Mg++ and K+, on the subsequent oxidation by the organism of acetate or pyruvate in the presence of vitamin B1. Large effects, however, due to this incubation, take place on the subsequent oxidation of succinate., fumarate, propyl and ethyl alcohols in the absence of added vitamin B1 (Tables 28, 29) . Moreover, as shown early in this paper, admixture of Mg++ and K+, or of hexosediphosphate, with succinate etc., results in a large increase of the rate of 02 uptake by the vitamin B1-deficient propionic acid bacteria.
It has been shown that the presence of Mg++ and K+ brings about a marked disappearance (other than by direct oxidation) of oxaloacetate, and it has been suggested that this accounts for the acceleration of 02 uptake of the bacteria in presence of succinate and fumarate. Whilst this view may account satisfactorily for the action of Mg++, it can scarcely be held to provide a satisfactory explanation for the similar activating action of hexosediphosphate.
As has been stated already the effects of hexosediphosphate and Mg++ on acetate and pyruvate oxidations can be interpreted as being due to their producing an enrichment of the cell with adenyltriphosphate.
The most obvious manner in-which to interpret the results obtained with succinate, fumarate, and ethyl and propyl alcohols is to conclude that adenyltriphosphate is essential for the complete oxidation of these substances, or for their oxidation to that stage (e.g. to pyruvic acid or acetic acid) where cocarboxylase comes into play. On this hypothesis adenyltriphosphate is a coenzyme for the oxidation of fumarate, ethyl and propyl alcohols, though its method of action in these processes may be indirect (e.g. it may stimulate the formation of cozymase required for alcohol and malate dehydrogenases). (Table 31 ).
The incubation of propionic acid bacteria with muscle adenylic acid leads to a small but definite increase in the subsequent oxidation of acetate by the bacteria in presence of vitamin B1 (Table 32) . Table 33 , Exp. 2), but is dubious, or absent, when these ions are absent (see Table 33 , Exp. 1). The accelera- Table 33 ). Increases of rates of 02 uptake are observed but they are nearly always the increases to be expected if the oxidations of acetate and oxaloacetate are proceeding additively (or independently). A catalysis due to oxaloacetate is, however, not entirely ruled out, for sometimes more than an additive effect is perceptible. Possibly when a catalysis is observed, it is due to the formation of fumarate from the oxaloacetate by reduction or dismutation [cf. Smyth, 1940] .
A suggestion has been made that vitamin B1 catalyses the formation of oxaloacetate and that the latter acts as a catalytic agent in the oxidation of pyruvate [Krebs & Eggleston, 1940; Smnyth, 1940] . Without denying the possibility that vitamin B1 is involved in oxaloacetate formation, it is easy to show that oxaloacetate cannot replace vitamin B1 as an accelerator of the oxidation of acetate and propionate by propionic acid bacteria. Results demonstrating this are shown in Table 33 (Exps. 1, 4 and 5).
For example a Qo2 Of 30 7 obtained when vitamin Bl-deficient propionic acid bacteria are incubated in the presence of pyruvate, is increased to 53-7 by the addition of vitamin B1 and only to 38-4 by the addition of oxaloacetate. It is apparent that vitamin B1 exerts its catalytic effect on acetate andc pyruvate oxidations by a process other than by the development of oxaloacetate. Krampitz & Werkman [1941] arrive at a similar conclusion concerning pyruvate oxidation.
Effects of NaF and Na iodoacetate When propionic acid bacteria are incubated with Na hexosediphosphate in the presence of NaF, no decrease of the subsequent acceleration of acetate oxidation by the bacteria due to the hexosediphosphate takes place (see Exp. 1, Table 34 ). This is in harmony with the observation of Lutwak-Mann & Mann [1935] that NaF does not influenice the formation of adenyltriphosphate from adenylic acid anid hexosediphosphate.
The replacement of NaF by Na iodoacetate leads to a diminution of the ability of the bacteria to oxidize acetate and also greatly inhibits (though it does not eliminate) the accelerating effect of hexosediphosphate. A representative result is shown in Table 34 . Since it is known that iodoacetate inhibits oxido-reductions involving hexosediphosphate, 
